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U&U All A h □ >f ^ At feli^ U ^ AT'fe y , B 
tt^&<i:*ia©*£&«7C**»&*y. 5Rft»X.. Y 
It, 0<XS0. 10, 0<Y^0. 30, a, bit. 
-0. lOSaSO. 10, -0. 15SbS0. 1 
5 ;{§.U X liAhnv^ASfili^'J^A©;^^ 

it. y itN i&>ft<?)&m&&m7im<Di&*jvm-ejbi>) 
r-mzh&ik&vo-e&zztzftmt-r s mm sftst- 
&y. ^o. KiEffi»*MC;WStt&o. oi~5. o 
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fb#^Lii-x-a A X Nii-y-b By 0 2 
(fib. AltXHD^^^ASfcli^'J^A-efey, B 

wt^4<fc*»ia©a^as3BA^*y. , y 

l±- 0<XgO. 10. 0<VS0. 3 0. a. bit. 
-0. lOSagO. 10. -0. 15SbS0. 1 
5 ;fib. X it^huy^-^A^f^t^'J^AtD&^JV 

itr&u. b 2a^2U:©a»^fcJI^7£*a*&fc4••& 
^*, y \tN iPM<n±w»&m7tm<nl* : zjm-e3!>&) 

IElI«^R#«fi&0 . 0 1 a* mJBLh, 5 . 0 m mi% 
T~C$> S-^iffflll^t % ft - fcjfitf- Sr^fiSLT t? 
U . BUHWfc^fflJp9«ft# 5 . 0 p mlXh. 5 0 a m 
IXTT'&ft d Sr^itil-rftiElSS^Kc 

[W*«2] »#*l|E«©jEffi«»jrteffl^Sdi:«: 
*?« 1 1" £ 

B t t5lf*fl 2 ffi*©#*JffiK3R:dfc*». 

« k -f 4 3 ffitt©^*»jK«=*«a. 
[ff#il5] K£8!i«Mgtf?Jglt3 0 A*. JiCF©S8E*t 

fc-c $> ft - t sr mm t -t ft if *m 4 ie« ©#*»«;»- 
9 0JSLt. 1. oo*jft©w&-T?steL. BMb#H«* 

R©§?ii#&. 

[»#S7] fb^Lii-x-a A X Nii-Y-b By 0 2 
(fib. A\t'J>t£< tb2mA±V>TJUjji)±M±mji 

sTe&y, Bit'>&< larog^jRjc^^e.* 
y. £fpx . y it. o<x go. 10. o<y go. 3 

0. a. btt. -0. lOgagO. 10. -0. 15 

gbgo. l 5 ; fib. x i*7;i'*y±^«7C5R©il6 

* y . b # 2 s& ± © m^m^m 6 * ft # 

£lt. Y ItN i ^©^jS^JItC^©^^^* 
ft) "eaS*i*{b-&*S>-e*4i4:&W»i:-r-5iEffi««» 

JSLh. 5. 0 MmJaTT?**— ^fi^O^HfrSr^jSb 
T £ y . «»£#©¥*&&&# 5.0a mJJLh. 50m 

mOTt?$»ft d t *<%mk-r&iEmw;y>>x* 

im^m 9 ] & m v > ft - 1 & » 

« k 1" ft 8 %&m<D#*mmm — 

1 0 ] KKiRKtmtf. &*IIMt'?& ft d t & 
*S ft -T ft Sf#B 9 ffi*©#*»&3R-fc«»l. 

l ] H*3RKWi*^R3 0 mo. «TOJS« 
«6ttT?fe4dk&4$»fc-r<b»*SCl Offi<R©#*SJI£ 
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0. 9 0JiLk. 1. 0 0*i»©SI£T?SH£U ^{b#H 

«*-e«j*-r ftdkir^ii-rft if *si 7 ics e*©iEii 

?£^K©S!ig#&o 

[%l!B©l*ll&ttlJ9] 
[0 0 0 1] 

»¥f& iESSIMt *? <fc ^ ft jEffiSttK & ffl v > 
[00 0 2] 

[«£#©&«] iS¥. t'x* * ^ 7 ^ y - h&*V =1 > 
#cH?ffi©«£^4fii7;i/;*j y^fR&fflvfc-y^u- 

# K 5 9 Amf&T:-* ft *\ mflfcttffi 1 . 2 V k {& 
<. :r*;f*-g&g©fa_hliffl?iT';&ft. ZCOtztb. Jt 

©t*t* y . *fi«*^fc y ©sas^ife^Ji^ffi** 
[0003] b^b, y^^A^a&rftflg^ffl-rft- 

(f>K5-< h) A'S*SfHb. %W£Mr<< 
d*i^j«S-r«. :©f>K7>f N©fig*lt. 
©+>->r f^ttSrs&'fb^-arfttf^ y x-tt^ < . ftii©# 

^ ic It IE IS 4: AS79tj£Mi b&o^-p tcgfiM S ti fcRIIS 

^iti»^««bTLio. ^'T-. m^it, nmm 

30 6 2 - 9 0 8 6 3-&^«U:wS*iTl^*J:i^. 3-d? 
*i$ffl££R*m&:ft84:U v& K 

-tr>df. IKK-fv^-rftdt^J: y^«Sr^yjg 

■r-*«a»^t36s*ifc. dixtcioT. ±aibf=ie) 
*5te*Mt ©* y 3g b few ft AS©^biM i 0®T' # 

It. 7-*v& K-U'V^bTiESi: bTfflv^ftdi:* 
nltlT'feft. ±8B®«*R«^©y?">A-f*V*4 
v^^t7-^V©K-t.' , >^&«*^Si:•rft*ffiS:fy/l 
bfc— &nm£ bTlt. ^fgS»S5 7-2 08079f^ 
40 «. «f#g§HS5 8-9 3 1 7 6^fg. #PJBS5 8-19 
2 26 6-§-^$B. 4$BHBB6 2-9 0 8 6 3#&$g, 4$Bfl 
BS6 2- 1 2 2 0 6 6#&if8. «fH¥ 3 - 6 6 8 5 6 # 
^$g^?>^PT'feft. 
[0 0 0 4] It. ftjfi-eit, Jgx.*JV*-mm<t<D9t 

mzi&7LZ>s<<, «m«ffi^4 vuftsrw-r*©*^ 

*i. aiSrm^'Tv^ft. «««ffi©S«£E^bl±. iEffit 

^4f©MtS^b^^PetvTv^ft. ^c^T't). Li x C 
50 o0 2 (0<xgl. 0) . Li X Ni0 2 (0<xg 
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1.0) fciftf, ffittB. fi*#kv^j«3&»6 
tt)fSt'*5i:txtl^. d CD J5c*>-Ct). LiNi 

0 2 ti. LiCo0 2 IcJt^T. JBHBftfnxHSSrc* 
U, fro, «&#£3£bTi>-5c:k. £6>lcli, 4VU 
0 S^R-? 14 ifc & # . *«m& 

ffi©#8?#M'J 5 ft 4 & if k i > e> *0j6*» 6) . 65 

[0 0 0 5] 

[^#^b=ke>k-f 3S&S] L*»U*jS«6. LiN 
i0 2 lt, 1 0 0mAh/gS«©Jttt»(Sv^4k«$i 
-cfcawt zmvmb it . * -r f tt lc lift 
KlfflHtf* ^ lOOmAh/g e«JeU:©;fiHt«S 

[0 0 0 6] *fc, jES&feK©ft@kftB&&k©H 
^^"3^-Clt. ff§S^pl-3 04 6 64, f§g§3p4-3 

3 2 6 0. #H¥6-3 2 5 7 9 1 jS*VHftWW7 - 1 
8 3 0 4 7&^Cfc^Tae*5£*vTi>.£. 

[0 0 0 7] S-T, ^H^p 1 - 3 0 4 6 6 4 Idt, Li 
X M0 2 (fc£b. MI41JJU:®#B&JB«:*b. 0. 
05gxgl. 10T*5. ) S:±#k-r-&IEffikJ*ffi 
k##*»*— fcWfiKfcl^T. StfffiLix mo 2 ©¥ 
tSj^SAU 0-1 5 0 fimT'&ZZ-ttfft^L^tt&n 
SftT^S. ;ct*. fg^£##r> k £<5©¥i§5ft&k 

it, ^oiy^^u-^-3 i e«sta&*ijfflbfcs'^^n h 

*Sfi41I b fc — fctS^P ©Ti^^S© ZkX&Zk 

[0 0 0 8] «f||sp6-3 2 5 7 9 licit. JEffiEHMt 
£bT. LiMNO (MltCo, Ni4 k. NltN i , 
V, Fe4t') fck'S:fl3v, WmtiMO. 01-5. 0 
A»m©— fct^Ftfl^bT* 0. 1-1 5 n 

m<D-ft.n?mm& (-^^) *e>*4£k&#»k 

fc*ft*WSb^kffl*l£ftT^.&#.. 2 0 

o~3oo @SS©*iWt-!H' i'^-etoSB© 6 o % *-e 

ITfiU. * -f d> /l^Sttlt SB JET * 5 b 
klt^&v. 

[0009] #Hsp7-l 8304 7lClt. 'J^Ak 
^^^^©S^'fb^jra^^O . 1-3 /imt^tJ. 
•t (D-ikW.1- (D®.mtfi 5 - 5 0 At m-C& £#7jc«8¥?£- 
&*»*W*b^k1B«£ft-C^S#. gBSt**fcH 
"3~£>fii4S$ ©<&"£? -9"^ ^^l/^#'l4lclt#SbTv>'iV'>„ 

[0 0 10] *ISWl*. a»a»4l£3|Ett«04oa«:«Hib 

[0 0 11] 

[«H!c«l«-rsfc©ffl#S] #381111*. ±B2Siiffi£#? 
&-f 5 © ic JBTF © & 3tf S *> © T ft 5 . 
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[0012] r(l) ft#SLi H -a Ax Ni H . b B 
Y 0 2 (fib, Ali^hnV^Aicfclt^Vf AT'& 
0 . B i±/j>* < fc % l &©a&&JR7cMt* 6 4 »J . 
X . Yl±. 0 <X S 0 . 10. 0 <Y S 0 . 30, a. 
bit. -0. lOSaSO. 10, -0. 15SbS 
0. 1 5 ; fib. X liXhn V^-5A££:lt^'J^A© 
jrefl/ftT?* y . b #2a^±©jg^Sjc^^6'5:-5 
®^lt. Y liNiJa^©±a»A«7C*©»^^»-e* 
4) ■eii*ft*ft'&«3&»6*SiEfi«HI«"e*»J. fr 

10 o. BUES&ttK^^KftO. 0 1#imfiLh, 5. 0 

ix m j^t x % a - ftst?© & z - *m$l 

b X £ U , SGK«{*:©^ftS^ 5 . 0 At m JiLk, 5 0 
[0013] (2) {fr^L i i-x-a A X N i x-y-t, B y 

o 2 (fib, Aii^$<fc%2&£U:©7;i/*u±Si& 
RjcsR-e tb U - B li^fc < k %* 1 a©3g^^SS^ *» 6. 

^y. ^ffx . y it, o<x ^o. io, o<y ^o. 

30, a. bit. -0. lO^a^O. 10. -0. 1 
5^b^0. 1 5 ; fib, X \Z7)\/J3V±m&M7xM<D 

20 m^fvmx&i), Btf2mi>A±.<nm®&m7Gmfrt>tez 
#-£it, y i*n i pm<n±m®&mjim<Dm*)umx'$> 

KT-ft y . KJEffiflMftK^^SSO . 0 1 At m 
JBLh. 5. 0 f imPXrx*&Z-'<km.3-<Dmm#Z]&f8.L 
Tfe y . KiSiitft©¥*&liS^ 5 . 0 At mJ^±. 5 0 At 

[0 0 14] (3) U^"5A*J«tr/A&-frt?flJ5|ffl(?Hfc. 

0. 9 0K±. 1. 0 0*lffl|j^t'Ml. ®Hb#B 
30 ^ftiT'^-r-SClkSr^kf £±12(1) *fctt(2) lc 
K*©iEfiifll*l>!lt©»Jt*iS. J 
[0 0 15] 

©JE®lc#*b<ffl^e>ft-5. !f#lc#5§;b^r:#cS?|&i: 

btit. ±ji©j;e)icTAi/^y^®^fe^ti^*«^ 

T. y^^A-^mSrWlcftyjplf. *flc«S:#if* 

[0 0 16] #3gH#f G.14, JWt3S*k*iS«*-f 
40 n#-5JJc*S*©»^tc#SbT. Vjfjvm&ftfe® 

bfciB*. K8*t:w-r*s*©{b-&i*© 

tt#fi#T*4c:k*jiaibfc. -r*ft*». fb^Li 

1-X-a A X Nii-Y-b By 0 2 (fib. AltXhUV^ 

"JASfctt^u fAi-s y. Bi44 > *< k* ia©S# 

ifea7C3BA»6*»J> , Y It. 0<X SO. 10. 

0<Y^0. 30. a, bit. -0. lOSaSO. 1 
0. -0. 15gbg0. 15; fib, X ltX|-ovf- 
Q A * fclt^ ij 9 A fflt&^UjR-C* y , B A' 2 «J0l±© 
50 a»^«7Clll7J»6«:4»&l*, Y ttNiJSW©^*^ 
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¥*&fe#0. OUmfiti. 5. 0 ^mJ^T-efe?.— !!k 

5. 0/tmJgLh. 5 0^mJSnFTftSdi:S:»«i:"ra 
0iE«i£*Mt, *bT. ft^LiH- a A X N i 
1-y-b By O2 ({§.b. At4'>ft< 2U!cK±<DT JU 

* U ±«&Btg*-C £> U . B I4'>ft < i: t> 1 a£Lh0>S 
^JHTtitA^ft y. *tfX . Y 14. 0<XgO. 1 
0. 0 <Y ^ 0 . 30. a. bit. -0. 10ga^ 
0. 10. -0. 15gbg0. 15;fil, X \*7 )V 

t> y ±m&mjimv>m*jm-c*& y , b a> 2 aw±©)g 

7C3Rffl»*;i4ST?*S) £ *v 5 fb-^T' 
tUli&O. 0 1/nnW. 5. 0 (tmWTt'*5- ftS 
0/umW±. 5 0 MmJSl~FT?*4£fc*4$«ii:'*"*lEffi 

[0017] cci-c. m^m^tmh lti*. psjgsix 

Afy'^A. ?nA. #S. 3A;i/h|fd%* b <fflv>6 

*v. -tti-f^rawfiDS&s&wL/fc. 

[0 0 18] *Ei5|BJlc*,n>Tl±. »J^-5Ai;B&i~£ 

iaj^±©y>»i/^u±^MS^©*&u^^A©i 0 

%JWrt4:^$<-rSifc»c«koT. S*©(STS:Jf 

Jftt*ii8:i868b. Ao. 4 ri:** 

RlfiBfc* »J. y±£&«7Ci»©»£i:ffi*ttfcf1s 

m b * o r . * * -r 0 &&&&& *>m 6 *v t~ % © t 

[0 0 19] x tfo. I0<ktjt)^<«cii:. Stri^ffl 
t *? y U * * A k B& b tz 7 fV * U ±&i&S7t?ft a*» u ^ 
■5A>r*>©*fcf&£lfi*bTbii:lV igfciSftjfc#fcfc 
oTM§i^ict <fST^-B:Tb*e». *&mSJ:©{£ 
TSrW^-Stclix ito. 0 8<fc y fc/J\di'#tfJ: y#* 
b<. £6lc£?*b<t40. 0 5 «k ij/>Si^#J;v\ 

* fc. Y 0 . 3 J; y < ft 4 1 Att& 

tcft y £w#*«Hi£jWI< ftoTisi. ff*i< 

14. Y 140. 2 5 J: U fc/J\£t'#tf. $6K#£b<l4 
Y140. 2*yt»/JxS^**'J:v^. £6lC. a£M4, 

$ < ft 4 i: . iES* h A^*ReH K 4*Mb b T b * 

i£ K 0 . 1 0 £ y %>^c * < ft 5 1 . A'W^ 1 
IILS^ £©,6^6. -0. 05SaS0. 05tf 
J:»J#*b<. * 6lC#3: b<l4-0. 02gag0. 
02T$5. bA'-0. 1 5 £y/Jx£<ft4i:. 

WiW>bTLil\ ifiCO. 15J:Ut)**< 
ft4£. JEM*-AhtfmMrpK>?MtLXL£o. Z 
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©ri:^6, -0. 08Sbg0. O8#«ky0*L 
<. £6lc#£L<l4-0. 04SbS0. 0 4T'& 

4, 

[0020] -Mmco^r. -ftja^os&tfo. 

-5f©S|g^ y©JHEi:^y. 5. O/ira&iiSfi? 
l4Ii£lUc<<. AO. 3te&«B#t:£b4M&R©B&Ig 
• JR|R#*£ < ft »J . &feR£3S#l. ©&« 

10 A'Pi#s*v, ma&©^SA^>-r-5©-r*5pip-&T'fc-5. 

[002 1] — )^a^©^A>5 . 0 a* m*j»-e 

JtlJ>R©aiflSttft*'**.sfc«>K. ¥e*reti**!i 

© ssips £ n * $ i*" ft 6 -r . Unas* ^ y © x^M/ 

¥-35SAvhS<^o-Cb*vv $e,lcl4. 

< * 4 ' £ ck T . — fiSft lC7jc^ ti b T^FftS 
4LiNi 0 2 3RS«B«53ERbTb*irV «%©£* 
^^■fSC-e^iJ'&T?**. 5 0AtmS:@^4 

20 ^fe^©T. ^±*fct4#a*y©^*»6*^»-&-c 

[0 0 2 2] *K*«qi©iEffifll«iR©«jt*ak:o^ 
M^©y^"5Aib^i: bTl4. HR6&*J8 
SS'J^^A. WBfcy*-«5A, «1U«A. 7K^{fc'J^ 
■5 if ©** fett-t ©**H*> * Acl4^{b 'J A. 

ftflftf b 'J f - *> a ft if ©»{b«-^3 -^^b y ^ ^ Aft if a^ 

If 6>^4c -!v!r;u^^n,>Ttj|lI#©^*^:l4-?-©7K^q 

4*. BMbtt^if 6*1. m<D7)\/i3v±M&mis&xfim 

30 [0 0 2 3] Mig*ffi©-^!li:bT. ^©*^A^lf6 

*vs. yf-5 Afcj;u { ^j!jP7c^'e*S7;u*y±^Jl 
7c3R&i»©ft#aafcjfcj:yt»o. i~io^%m 

iSMiR^L-c^safcft-eo. 9 oa±. 1.00* 

j»©#J^"J?S9'^"r4. ' a bTli-^bfcMf4$;+^tcig 

<bfe^. ^a-^ttat** if©Bl^#H«*l?. 300 
~8 0 0 , Ct? : ?fllttJSft"f 4. *bT, jJf-^S^Ma 
40 ^ftifSrffl^T-^ifi^Sr^b^. Stf»ft»H55, 
5 0 0-9 00 "CT-*^^. 
i:lc<i;oT. «*»KbTiEffi«1Mt4:Lfc. d©»^ 
iCckoT. «k yite)K^'oS^'[i©*4fflfiStA^#6*i4i 

[0024] c't. — ^a^rosm^ttscsaMtiitc 
ffi^M^©-?kJK^©¥^iKS^«fi5c*#-e^s*i,. 
-^?©¥^S^l4±lcdi^ff©-^2^©¥t£l*l 

50 sf3 0fl©-*S : ?©«*?«ka { «*iRi®iigS:a!Sb 
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g##r it-c« b -c t§ 6 ft fc * - k St- * 4 . 

[0 0 2 5] Sfi7;i/* Utt«jR»**^S:ff*>*v>*a 

;i^U±Si£^i!fft£jI&£MS?iUy : fe>0. 9~ 
1. 0 Ofg®*;Wtk:&aA3fcffi3&M»8:M-&U W 

^muttf g * a* a d is * < . s 6 ksmtc* ft an*. t 

[0 0 2 6] **W*c»v^Ttt, AStt*H*ttKR££ 
ft&feCD-Cttttt^tf. jRjRRtJfK ^ (Li-Al * 

if) . &MMb& (sno a*) . &mmm (u 3 n& 

if) 4f*VBn&*ia. flHRIttttfikLrtt. *&Kl»3g 
£ft4*>©-C"l±&<. HRK#«*»*«&SL.fc*>©7Wa 
i> 6ft 4 . &3R5M#ft©«^<gaHx*<fi*ffl B L 

T5S#-c&v>«-g-. ^aiftwr4di:*#£b^. 

[0 0 2 7] J^fUKttff fflo 

6n4jR3R«Mti: bTl*. *|KK£* ft a %©-*?«* 

\Z\t. ,-#<J7£ 'J □- h-U^ (PAN) *>>6$§6ft4P 
A NKJIHKttNL b < if© * 6*§ 

6ft4fcV^»i$*6. -fe;i/n-*a»&»&ft*-fe;i/ 
n-^3RK*lStti, (S^aW««»©5M**'&»e.*iS 
«*aft*K3WaW6* if *«Ptf 6ft4 *©«*»£, 
ijt-^7;i/3-^ uX->. yifrfbtf-;i/. /-tf'J 
7 5K, «KUY5K. 7xy-;i/®B§. 7;i/7ij;i/7;i/ 
n if ft b T'{# 6 ft & ft ^ . 

U -5 A-C * v© K-h°>2'#&#-C-& 4 i: v> 3,6 

p a NauKsmt* tr s/ *%i%mmmtfff* l < . 
^©if-c'fc. mi/ («o «©" t>>u-x. * 

^y7x-Xtr->^n-i/Xft«fi£LT#6ft4t°i'^ 

£ b <ffln 6ft 4. 

[0 0 2 8] ^li«lft«S^1-4l^lCl*, £0*3 ft 

b < t±;fr gtf^ 7 xJ/M*©lliMKfcT 4 ft if t>\ ft* 
bv^)ii:&4. #&tf&4Pl*7x;i/hftfcif©l8ii 

^i:LTii. fflvs. mm. m>>. u-x. as. 

h, ft. 7 5rh4WW^5i>. 

©ttK^WffiWtt 4 if ©,6 A* 6 , JKft* y x 71/ h 35c if A' 
fftlK ttiRttlti:flfS&£©#E*ttlcftft*#J 
& if -eflfi y tttf-cttffl urt> * < . $ 6 if 
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a>Bmm*®ML-cb*\,\ Wtftfe. £Mfcft#/rf4 

©«3B»*ra«, ***J, ^st^Ji^tKl^bb-Cffl 
v>4di:tfT-£, £&^J»Rtnit4m®«ifi«Hxt>#L 

flMbtf HTtBfc©T?J: y#* bi>. 

[0029] *HH^©m<sftffl^fczi^«?i!s©«sifati: 

bTli. «ftcPfiSSft4di:!5c<fe*©^Nc»«E»«» 

^^fflv>6ft4. ci©«fT. ±ai©7;^u^M^ft^ 
io mtfcnmi&frbKz-ikmManm&tLxit. xn 

n , N->*>if;i/*;i/A7 5K. -X^^;ux;i/7 7)-^i/ 
H\ f h?tKn75x l, 3-^*y7>. ¥^ 

1, 2-i> - ^ hdri/X;? V. ^X^UV^-^^-h 
^. dft6©»*ff^JB^«*if*W*b<ffl^6ft 
4o »g?ffilw-g-*ft4mS?Si: LTli, 7;U*U^S. 
«lcU5-«>A©^ny><b*, Jfi%jRBI%. ^^->7> 
20 *^7s;fb^ y>7yfb*. flt^^y'fb^. 7;u 

*b<ffl^6ft4. *^©mffiftfflv>fc— nknmnm 

ft^UfflbT, ;-M<V3>, -7-X 

n, ^i/^j-fe, SI^«!S* if ©«*ffl/JM?««^je 
<f«fflBlligT'fe4o 
[0 0 3 0] 

[H%ft|] *!6"«©AflsW*lia»«S:^T»c3IJ6«S:t» 
o Ta?x 4 d\ It d ft icPS^ $ ft 4 1> © -C it ta 

30 l^o 

[0031] nmm i 

*JKfflW«*K3li©*Blib«J^'J>A (Li (oh) ) . 
*BMb=y*;u (Ni (oh) 2 ) . 7k®fbAKnv^ 

■> A • 8*^ (S r (OH) 2 • 8H2 O) , *®fbn 

^;bh (Co (OH) 2 ) ft^b^«l®T-L io.ggS r 

0.02Ni0.90Co 0 .l0O2 t «C4 «k d IC#S U gKSL 

^T'+^icjg^-bfc^. 7;u5^IS4oisra^«b 

;i//^) . 6 5 0'CT?16«Flffl«fifb ; ?««ll»Sbfc. £ 
40 a*T?^*PLfc«. St>'eiJ?L#fsT"3 0^H»#b, - 
*«^©»*&lB»bfc. ^bT, ^t^fiSi:PI«l©# 
iUTT'. 7 5 0°CT-8B#^|^b-C*^b, SS* 

^5Ki)*i:bfc. d©B#ffl»8WIH8:£*.*di:KJ:o 
T. ZIJ^S? ©¥^JKS5 ^m. 2 2 Am. 4 7 Am© 

3a®©i)*ft#fe 0 -^^©¥^si±. 
mm(Du— *-@8f5Jttt«##jffl3essii cs*) sal 

D-2 0 0 0ASfflv»T. ^T'^bTSO^b^. #6 
ftfciKS^r-5 ©^e- KSft¥*SjS^t bfc. ft 

50 fc\ sem iHe^jjoTfflsstife-^K^ai*. 0. 1 



g 

#c##f Lfrt L i 1.02S ro.0019 N i0.89C o 

o.no 2 (Dm.m-e&zzkzmiZLtz. fcKSiwwstt 

*»J-C*a#U y y<t£- 'J f>«*Mtft 1 0 w t % K 
!fe5J;^S8^l/fcN->f;n^n'JK> (nmp) t§ 
ffitc, -htifiMMt : TOM {7-tf-U>7?y9) : *S 
**J#8 9fi*a$: 4fijrg|5: 7 MSP i: * £ «fc 3 K?g 
£U Sl*5iatttJS»?L#T3 0^|ffla-&bT^«b 

Sr^bfe^. 7°UXLTj?$ 1 8 0 /t m. lEUtt^ 
gliCDiM 1 Omm, M£ 2 0 mm6DIEt8£t|H§? bfc„ 

[0 0 3 2] #ac £0<kdKLTfls«bfeIEffi©;fiMB 
S*©Mi*:*5ofc. t«IlilMLiBF 4 &#t?y 

SUfCl : 1) "P. 2flIfc£0 : #Mtiicl±&]IU3 : -'i7A 
fB & ^fc 3 ffi*-fe;uT?fffl5 b fc. fc^R^ y nmm 

$5mtl 3 OmA/gCD^ISt'. 4. 2V(vs.Li + /L 

«p|fflA'5Nf|ffllC35eS*-C3fe«S:«tffc. fttttfttc. m$ft 
&g30mA/gT'3. OV(vs.Li + /Li) Stitlt 
tOJffl«*&*«)fe. $e»lC. 3fe«B#Pil:3B#P^i:bT[Bl 
#©**&ftvv 5fe«^tC3fe«i:|ait:«^St?3. 0 
V(vs.Li + /Li) *T^ta^it «^S«C«*-f f^S 

fc3 o oHuommmmtmimBammmmtkikmL 
bfe. 

[0 0 3 3] (%) =(( 3 0 0 0 g 

*)/( 10 }xlOOJfc««l 

1 n mi bfc£W±Hi60! l kfflffiK b"CiESiS«»K» 

[0 0 3 4] Jfci&#iJ2 
-yfT)VnW,Wktm-y^r)^ (N i (C0 3 ) 2 ) 
i: b . & 9 o 0 °C i: b &Blft ttXKffl 1 i: EI* 

iCbT. -ftSt?©^*^ 1 0 Mm. 

vm b . mg* i: *a 1 
bfe. 

[0 0 3 5] UK*! 2 



(6) ^gf^P 10- 79250 

10 

x h a 0 A ©ft;b o icr« ij $ a stfl! ^ fcfiWHiUJS 

mfcrawKL-c. -fce^no. 2 M m. -^^© 

¥^»i6/tm, 2 4 A*m, 4 4 * m 

Sr^l^bfc. fc*>\ S*^«fT#«>fca«tt. Li 
l.OlB ao.02NiO.90Coo.1002 "Cfeofc. 

[0 0 3 6] Jfc««3 
»#l»#IBI«:«a.T. r^fflf»S&4/*m. 6 
5 *<tni Lyfc^ttHJfiM 2 UTiE«iS«Ht« 
10 *2a»&fBHU MQSS2:«Sft»*6#i!>fettJR: 

[0 0 3 7] Jfctt«4 

-y^r;i/©ffi^S^-5'^ (Ni (CO3 ) 2 ) 

^ b . mmum & 9 0 0 °c t b fcjjw i*3sj6« 1 £ ii# 

ICbT. — ^St^CD^Pi^iK-^S 1 Um. 

i^8?S2 5, 4 3 M mCDiES«^t95K2a«S:^lS[ 

[003 8] ^Jg^l 3 
20 7p!SOW*KSaSffl*»{bUf-5A (Li (OH) ) . 

*HMb-y*;u (Ni (oh) 2 ) . 7j<^bANn>^ 

>^A • 87klg (S r (OH) 2 ■ 8H2 O) . 7k®tfb'"< 
U-^A- 87km. (B a (OH) 2 • 8H2 OK TKSKb 
3^;i/h (Co (OH) 2 ) &fiMt*Wft*TL 10.99S 
rO.OlB ao.OlNio.90Coo.lo0 2 i:^5>j;^tcffS 
LfcJeWttHJSW 1 4: mWHZ bT, -^0?i*)S? 
#0. lfim. nft^0¥*H*i^-&5 M m , 24 m 
m. 4 5Mm©jEtrattS&*3a£&4ftHU $fflB& 

30 4#WT'*S?)/ci|&J&t*. Li 1.01 S ro.OlB a 0 .0lN i 
0.90CO0.10O2 T'feofe. J*tt*05»SWIffl$:g*. 
T . — i^fe^ ffl¥^I*i?-@ Hf"m, 6 7prai:L^ 

b, lB«!«F«i:**<M#*&#«)fctt*4*ltwL 
[0 0 3 9] Jtf&0!6 

-ytrJWmmUZJm-y'rJl' (Ni (CO3 ) 2 ) 

^ b . & 9 0 0 °c i: b fc^ttias« 3 1 mm 
icbT. — ^wa^-cospJifladFai 1 Mm. -w?®? 

40 ft«?g2 7/tm, 4 4/«m©iEffiiSH»5C»*2a«S: 

[0 04 0] 
[^1] 



(7) 



10- 79250 



11 



12 







(Mm) 


(mAh/g) 


(96) 




0. 1 


5 


1 7 8 


9 6 


2 2 


1 7 9 


9 8 


4 7 


1 7 5 


9 6 




0. 2 


6 


1 6 8 


9 5 


24 


1 6 8 


9 6 


44 


1 6 5 


94 




0. 1 


5 


1 7 7 


9 8 


24 


1 7 7 


9 8 


4.5 


17 5 


9 6 




0. 1 


3 


1 6 9 


9 0 


6 1 


1 6 5 


8 6 




1 0 


2 8 


1 6 0 


8 3 | 


4 5 


1 5 4 


7 9 




0. 2 


4 


1 6 0 


8 7 


6 5 


1 5 4 


8 3 


JtttM4 


1 1 


2 5 


1 5 0 


8 0 


4 3 


14 3 


7 5 


JfcttWS 


0. 1 


4 


1 7 0 


9 1 


6 7 


1 6 2 


8 6 


Jtttffl 6 . 


3 1 


2 7 


1 5 5 


8 2 


4 4 


1 4 0 


7 7 



7UIS0P AN*jK3Mtttt ( "hi/*" T-3 00. 3fCU 
kB-7-5A^»9L S$£tiK4 , '?l 2 0 o°c-e4 

wt %^&£<fc^ci!-£bfcN-;*^;i/fc 0 n U K> (N 
MP) »«»c. ±ffi?S4Mt : *Mt*J (7iz*vy7^ y 
0) : &Mffltf8 OMSgP : 5MSgp : 1 5MgP4:fc 
<5£?&cig-£U a3lia»ffi«lSL»T?3 0^|fflfi-&L 

Hkmft9 o°c-Qim®.~ sifttjfi*. it^bTMHic 

fflffi&J&SLfcfc. 7°L/*L-TJ5£ 1 8 0 /EtraCDftSfe 
flsRUfc. HJS0JlfcT^«Lfc©4:|iS|« 



40 



(25S. H»b* (ttO S) ffltA'u-!?J^Utl 

fc^fctt-cwfefticJiiufiLfcft. m^&aA, SOI 

T. 1 8 6 50tf^X©nffiS-&*?fc&fls«Lfc. fit 
8?$tl±» lMLiPFeStti'^afUV*-^- 
K s;>l^*-jK*-h (#*fl£«Jtt?l : 1) Seffl 

ia, %mt)y lovt-, ^«»ss/ 

&5fc* (^3te«^ra3^Fffl) Lfc&. lA©£*a|-Cifc 

[0041] jtvtm 7 

^ 2 fcjjsLfc. 

[0 04 2] 
[32] 



(8) 4$H¥ 10- 79250 

13 14 

2itm*i*&tt®MtD9)m&&t&&### («ffittfl6) 





(Am) 


(/i-ra) 


(mAh/g) 


(96) 


HtM4 


0. 1 


2 2 


15 5 0 


9 1 




0. 1 


3 


14 10 


8 0 



[0043] ^cffi^v^iE1i«^K^^J;o : -e^vS:fflv^fci^^4tgo-^« 



CD 



Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 10-079250 
(43)Date of publication of application : 24.03.1998 



(51)lnt.CI. 


H01M 4/58 
H01M 4/02 
H01M 4/04 
H01M 10/40 




(21 Application number : 08-184700 


(71)Applicant : 


: TORAY IND INC 


(22)Date of filing : 15.07.1996 


(72) Inventor : 


MATSUDA YOSHIO 






TAKANISHI KEIJIRO 


(30) Priority 

Priority number : 08180838 Priority date : 10.07.1996 


Priority country : JP 



(54) POSITIVE ELECTRODE ACTIVE MATERIAL, ITS MANUFACTURE, AND 
NONAQUEOUS SOLVENT SECONDARY BATTERY USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material with high 
performance and high capacity excellent in the charging/discharging cycle and accomplish a 
secondary battery incorporating this positive electrode active material. 
SOLUTION: This positive electrode active material comprises a compound expressed by the 
chemical equation Li1-X-aAXNi1-Y-bBY02, where A is strontium or barium, B is at least one 
of transition metal elements, and X and Y should meet the conditions 0<X<0.10 and 0<Y< 
0.30 while a and b should meet the conditions -0.10<a<0.10 and -0.15<b<0.15, provided that 
X represents the total mol number of strontium or barium while Y represents the total mol 
number of all transition metal elements other than Ni in case B comprises two or more sorts of 
transition metal elements, wherein the positive electrode active material forms secondary 
particles as a coagulation of primary particles having mean particle size between 0.01 and 5.0 
p.m, and the mean particle size of the secondary particles ranges from 5.0 to 50^m. 



LEGAL STATUS 



http://wwwl9.ipdl jpo.go.jp/PAl/result/detail/main/wAAA5xaaxXDA410079250Pl.htm 1 1/17/2003 



Searching P AJ Page 2 of 2 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 
[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9ipdljpo.gojp^ 11/17/2003 



Page 1 of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 (However, A is strontium or barium and B 
consists of at least one sort of transition-metals elements, the inside X and Y of a formula) 0< X<=0.10, 
0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X When it is the Total Number 
of Mols of Strontium or Barium and B Consists of Two or More Sorts of Transition-Metals Elements Y 
It is the positive active material which consists of a compound expressed, the total number of mols of all 
transition-metals elements other than nickel — it is — And the positive active material which this positive 
active material forms 0.01 micrometers or more of mean particle diameters, and the aggregated particle 
it is [ aggregated particle ] the floe of the primary particle it is [ primary particle ] 5.0 micrometers or 
less, and is characterized by the mean particle diameters of this aggregated particle being 5.0 
micrometers or more and 50 micrometers or less. 

[Claim 2] The non-aqueous-solvent system rechargeable battery characterized by using a positive active 
material according to claim 1 . 

[Claim 3] The non-aqueous-solvent system rechargeable battery according to claim 2 characterized by 
using carbonaceous material for a negative-electrode active material. 

[Claim 4] The non-aqueous-solvent system rechargeable battery according to claim 3 with which this 
carbonaceous material is characterized by being a carbon fiber. 

[Claim 5] This carbon fiber is 30 micrometers of average length. Non-aqueous-solvent system 
rechargeable battery according to claim 4 characterized by having the shape of a staple fiber of the 
following. 

[Claim 6] The manufacture method of the positive active material according to claim 1 characterized by 
preparing the start raw material containing a lithium and A at 0.90 or more and less than 1 .00 rate by the 
stoichiometry to the start raw material containing nickel and B, and calcinating it in an oxidizing 
atmosphere. 

[Claim 7] Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 (However, A is at least two or more sorts 
of alkaline-earth-metal elements, and B consists of at least one sort of transition-metals elements, the 
inside X and Y of a formula) 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 
<=B<=0.15;, however X When it is the Total Number of Mols of Alkaline-Earth-Metal Element and B 
Consists of Two or More Sorts of Transition-Metals Elements Y It is the positive active material 
characterized by being the compound expressed, the total number of mols of all transition-metals 
elements other than nickel — it is — And the positive active material which this positive active material 
forms 0.01 micrometers or more of mean particle diameters, and the floe of the primary particle it is 
[ primary particle ] 5.0 micrometers or less, and is characterized by the mean particle diameters of this 
floe being 5.0 micrometers or more and 50 micrometers or less. 

[Claim 8] The non-aqueous-solvent system rechargeable battery characterized by using a positive active 
material according to claim 7. 

[Claim 9] The non-aqueous-solvent system rechargeable battery according to claim 8 characterized by 
using carbonaceous material for a negative-electrode active material. 
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[Claim 10] The non-aqueous-solvent system rechargeable battery according to claim 9 with which this 
carbonaceous material is characterized by being a carbon fiber. 

[Claim 1 1] This carbon fiber is 30 micrometers of average length. Non-aqueous- solvent system 
rechargeable battery according to claim 10 characterized by having the shape of a staple fiber of the 
following. 

[Claim 12] The manufacture method of the positive active material according to claim 7 characterized 
by preparing the start raw material containing a lithium and A at 0.90 or more and less than 1 .00 rate by 
the stoichiometry to the start raw material containing nickel and B, and calcinating it in an oxidizing 
atmosphere. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the highly efficient non- 
aqueous-solvent system rechargeable battery using the positive active material with good high capacity 
and cycle property, and this positive active material. 
[0002] 

[Description of the Prior Art] In recent years, the need over the rechargeable battery of small high 
capacity is increasing with the spread of portable devices, such as a video camera and a notebook sized 
personal computer. Although most rechargeable batteries used now are nickel-cadmium batteries which 
used the alkali electrolytic solution, a cell voltage is as low as about 1 .2 V, and the improvement in an 
energy density is difficult. Therefore, the lithium secondary battery with which specific gravity uses the 
lithium metal whose current capacity per unit weight it is the lightest top, potential is ** very much, and 
is also the maximum in metal negative-electrode material among the simple substance of 0.534 and a 
solid-state was examined. 

[0003] However, in the rechargeable battery which uses a lithium metal for a negative electrode, the 
lithium (dendrite) of arborescence recrystallizes on the surface of a negative electrode at the time of 
electric discharge, and this grows by the charge-and-discharge cycle. Growth of this dendrite breaks 
through the diaphragm (separator) arranged so that a positive electrode and a negative electrode may not 
contact, when the worst, as electrically as a positive electrode, it will be short-circuited, will ignite and it 
not only degrades the cycle property of a rechargeable battery, but it will destroy a cell. Carbonaceous 
material, such as corks, was used as the negative electrode, and doping and the rechargeable battery 
which repeats charge and discharge by carrying out ** doping were proposed in alkali-metal ion there as 
shown in JP,62-90863,A. It turns out that the degradation problem of the negative electrode in the repeat 
of charge and discharge which were mentioned above is avoidable with this. Moreover, an anion is 
doped and such various carbonaceous material can also be used as a positive electrode. As a 
rechargeable battery using the electrode which makes a basic principle doping of the lithium ion to the 
above-mentioned carbonaceous material, or an anion, JP,57-208079,A, JP,58-93176,A, JP,58-192266,A, 
JP,62-90863,A, JP,62- 122066, A, JP,3-66856,A, etc. are well-known. 

[0004] Furthermore, recently, that a cell voltage indicates 4V order to be appears to meet the demand of 
the formation of high-energy density, and the spotlight is captured. High-voltage-ization of a cell 
voltage is advanced to a positive electrode by search of the active material which shows high potential, 
and development, and inorganic compounds containing alkali metal, such as a transition-metals oxide 
and transition-metals chalcogen, are known. Especially, LiX Co02 (0< x<=1.0), LiX Ni02, etc. think 
that it is the most promising from high potential, stability, and the point of being long lasting (0< 
x<=1.0). Also in this, it is LiNi02. LiCo02 It compares, a raw material is cost **, and that supply is 
stable and since [ although it is a 4V class active material further, ] charge potential is low a little, 
research is energetically advanced from the advantage that decomposition of the electrolytic solution is 
suppressed etc. 
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[0005] 

[Problem(s) to be Solved by the Invention] However, LiNi02 Although there was no problem especially 
in a cycle-life property when [ of about 100 mAh/g ] charge and discharge were comparatively repeated 
by low service capacity, when charge and discharge were repeated by the service capacity of about 100 
or more mAh/g, remarkable capacity degradation was caused and the technical problem that it was 
unusable practically occurred. 

[0006] Moreover, the relation between the particle size of a positive active material and service capacity 
is indicated in JP,1-304664,A, JP,4-33260,A, JP,6-325791,A, JP,7-183047,A, etc. 

[0007] First, it sets to the positive electrode, negative electrode, and nonaqueous electrolyte rechargeable 
battery which make a subject LiX M02 (however, M expresses one or more transition metals, and is 
0.05<=x<=1.10.) at JP, 1-304664, A, and is the above LiX M02. It is indicated that it is desirable that a 
mean particle diameter is 10-150 micrometers. Here, it is thought that the mean particle diameter which 
they say is a mean particle diameter of the aggregated particle which the so-called primary particle 
condensed since the measurement is performed by the micro truck grading-analysis meter using 
dispersion of a laser beam. However, application nature and the cycle property were not satisfying level. 

[0008] In JP,6-325791,A, it is LiMNO (it Co(es) M) as a positive active material. N, such as nickel, ~ 
nickel, V, Fe, etc. — etc., although it is indicated that the non-water rechargeable battery characterized 
by the bird clapper from the primary-particle floe (aggregated particle) of 0.1-15 micrometers of mean 
particle diameters which use and the primary particle of 0.01-5.0 micrometers of mean particle 
diameters comes to condense is desirable Capacity is decreasing till 60% of the first stage in about 200 - 
300 times of charge-and-discharge cycles, and a cycle property cannot be said as satisfying level. 
[0009] Although it is indicated by JP,7- 183047, A that the nonaqueous electrolyte rechargeable battery 
whose particle size of the aggregated particle the particle size of the multiple oxide of a lithium and 
nickel is 0.1-3 micrometers, and is 5-50 micrometers is desirable, a cycle property is not mentioned only 
by the publication about the rate of self-discharge. 

[0010] this invention tends to cancel the fault of this conventional technology, and aims at offering the 
rechargeable battery using the highly efficient positive active material and highly efficient it which were 
excellent in the charge-and-discharge cycle with high capacity. 
[0011] 

[Means for Solving the Problem] this invention has the following composition, in order to solve the 
above-mentioned technical problem. 

[0012] "(1) Chemical formula Lil-X-a AX nickell-Y-b BY 02 (However, A is strontium or barium and 
B consists of at least one sort of transition-metals elements, the inside X and Y of a formula) 0< 
X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X When it is the 
Total Number of Mols of Strontium or Barium and B Consists of Two or More Sorts of Transition- 
Metals Elements Y It is the positive active material which consists of a compound expressed, the total 
number of mols of all transition-metals elements other than nickel — it is — And the positive active 
material which this positive active material forms 0.01 micrometers or more of mean particle diameters, 
and the aggregated particle it is [ aggregated particle ] the floe of the primary particle it is [ primary 
particle ] 5.0 micrometers or less, and is characterized by the mean particle diameters of this floe being 
5.0 micrometers or more and 50 micrometers or less. 

[0013] (2) Chemical formula Lil-X-a AX nickell-Y-b BY 02 (However, A is at least two or more sorts 
of alkaline-earth-metal elements, and B consists of at least one sort of transition-metals elements, the 
inside X and Y of a formula) 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 
<=B<=0.15;, however X When it is the Total Number of Mols of Alkaline-Earth-Metal Element and B 
Consists of Two or More Sorts of Transition-Metals Elements Y It is the positive active material 
characterized by being the compound expressed, the total number of mols of all transition-metals 
elements other than nickel — it is — And the positive active material which this positive active material 
forms 0.01 micrometers or more of mean particle diameters, and the floe of the primary particle it is 
[ primary particle ] 5.0 micrometers or less, and is characterized by the mean particle diameters of this 
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floe being 5.0 micrometers or more and 50 micrometers or less. 

[0014] (3) The above characterized by preparing the start raw material containing a lithium and A at 
0.90 or more and less than 1 .00 rate by the stoichiometry to the start raw material containing nickel and 
B, and calcinating it in an oxidizing atmosphere (1) Or (2) The manufacture method of the positive 
active material a publication. 11 
[0015] 

[Embodiments of the Invention] The positive active material of this invention is preferably used for the 
positive electrode of a rechargeable battery. As a desirable rechargeable battery, the rechargeable battery 
using the nonaqueous electrolyte which contains an alkali-metal salt as mentioned above can be 
mentioned especially. Then, it explains in full detail, mentioning taking the case of a lithium secondary 
battery, and giving an example hereafter. 

[0016] This invention persons found out that high capacity and a cycle property were good, when the 
particle size of the specific compound in which high capacity is shown was a specific range, as a result 
of considering an improvement of a cycle- life property wholeheartedly paying attention to reduction of 
service capacity and the service capacity accompanying a charge-and-discharge cycle. Namely, 
chemical formula Lil-X-a AX nickel 1-Y-b BY 02 (However, A is strontium or barium and B consists 
of at least one sort of transition-metals elements, the inside X and Y of a formula) 0< X<=0.10, 0< 
Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X When it is the Total Number of 
Mols of Strontium or Barium and B Consists of Two or More Sorts of Transition-Metals Elements Y It 
is the positive active material characterized by being the compound expressed, the total number of mols 
of all transition-metals elements other than nickel — it is — and a characterizing [ it / this positive active 
material forms 0.01 micrometers or more of mean particle diameters, and the floe of the primary particle 
it is / primary particle / 5.0 micrometers or less, and ]-by mean particle diameters of this floe being 5.0- 
micrometer or more and 50 micrometers or less positive active material — and Chemical formula Lil-X- 
a AX nickel 1-Y-b BY 02 (However, A is at least two or more sorts of alkaline-earth-metal elements, 
and B consists of at least one or more sorts of transition-metals elements, the inside X and Y of a 
formula) 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X When 
it is the Total Number of Mols of Alkaline-Earth-Metal Element and B Consists of Two or More Sorts 
of Transition-Metals Elements Y It is the positive active material characterized by being the compound 
expressed, the total number of mols of all transition-metals elements other than nickel — it is — and the 
positive active material which this positive active material forms 0.01 micrometers or more of mean 
particle diameters, and the floe of die primary particle it is [ primary particle ] 5.0 micrometers or less, 
and is characterized by the mean particle diameters of this floe being 5.0 micrometers or more and 50 
micrometers or less — it comes out 

[0017] Here, as a transition-metals element, although not limited, manganese, a scandium, titanium, 
vanadium, chromium, iron, cobalt, etc. were used preferably, and the respectively same effect was 
shown. 

[0018] By making small the amount of one or more sorts of alkaline-earth-metal elements replaced by 
the lithium with less than 10% of a lithium in the invention in this application By being able to attain ail 
improvement of a cycle-life property, pressing down the fall of capacity, and replacing nickel and a 
transition-metals element It becomes possible to maintain the layer structure and to give electronic- 
conduction nature, and it acts in multiplication with the effect of an alkaline-earth-metal element, it is, 
and that from which the good cycle-life property was acquired is conjectured. 
[0019] X If it becomes larger than 0.10, the alkaline-earth-metal element replaced by the lithium as 
above-mentioned will check diffusion of a lithium ion, will become a resistance component conversely, 
and service capacity will be reduced greatly. For suppressing the fall of service capacity, it is X. The one 
where the one smaller than 0.08 is more desirable still more desirable, and smaller than 0.05 is good. 
Moreover, Y If it becomes larger than 0.3, the crystal structure will become unstable and a cycle-life 
property will become bad. Preferably, it is Y. The one smaller than 0.25 is Y still more preferably. The 
one smaller than 0.2 is good. Furthermore, a and b express the gap from stoichiometry nature. If a 
becomes smaller than -0.10, it will gel, while a positive-electrode paste kneads, and if it becomes large 
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rather than 0.10 conversely, service capacity will decrease. From this point, -0.05<=a<=0.05 is - 
0.02<=a<=0.02 more desirable still more preferably. Moreover, if b becomes smaller than -0.15, service 
capacity will decrease, and if it becomes large rather than 0.15 conversely, while a positive-electrode 
paste kneads, it will gel. From this, -0.08<=b<=0.08 is -0.04<=b<=0.04 more desirable still more 
preferably. 

[0020] Since expansion and contraction of the active material which cannot condense easily and is 
produced at the time of charge and discharge become large, the adhesion of an active material, and an 
electric conduction agent and a charge collector becomes bad, or the ionic migration property in an 
active material is checked and the capacity of a cell decreases, the particle to which a less than 0.01- 
micrometer particle is difficult to compound, and the particle size of a primary particle causes blinding 
of separator, and exceeds 5.0 micrometers about a primary particle is inconvenient. 
[0021] Moreover, in order that it may exfoliate when it presses that the particle size of an aggregated 
particle is less than 5.0 micrometers at the time of positive-electrode production, and the surface area of 
an active material may increase, when the addition of an electric conduction agent or a binder must be 
increased, the energy density per unit weight becomes small and a content moisture content increases 
further, it is [ as opposed to / moisture / generally ] unstable LiNi02. Since a system active material 
deteriorates and the capacity of a cell decreases, it is inconvenient. Moreover, if 50 micrometers is 
exceeded, since a particle may penetrate separator and may cause a short circuit, it is inconvenient also 
from the point of a safe top or the yield. 

[0022] Next, the manufacture method of the positive active material of this invention is described. As a 
lithium compound of a raw material, oxides, such as salts, such as a general lithium carbonate, a lithium 
nitrate, lithium sulfate, and a lithium hydroxide, a hydrate of those or a lithium oxide, and a peroxidation 
lithium, an iodation lithium, etc. are mentioned. A salt with the same said of nickel or its hydrate, and an 
oxide are mentioned, and the same start raw material is used about other alkaline earth metal and 
transition metals. 

[0023] The following method is mentioned as an example of the manufacture method. A start raw 
material is prepared so that it may become about [0.1-10 mol % ] shortage from the target stoichiometry 
about the alkaline-earth-metal element which are a lithium and an alloying element. That is, the start raw 
material containing a lithium and A is prepared at 0.90 or more and less than 1 .00 rate by the 
stoichiometry to the start raw material containing nickel and B. In this way, it will cast, if there is need 
after fully mixing the prepared raw material, and after making solid phase reaction easy to cause, 
preliminary baking is carried out at 300-800 degrees C in oxidizing atmospheres, such as air and pure 
oxygen. And after cracking an aggregated particle using a ball mill, a grinding machine, etc., again, in 
the oxidizing atmosphere, after this baking, grain refining was carried out and it considered as the 
positive active material by trituration, classification operation, etc. at 500-900 degrees C. It is checking 
by the component analysis that the composition which has homogeneity and repeatability more is 
acquired by this operation. 

[0024] Here, adjustment of the mean particle diameter of a primary particle is mainly determined on the 
mean particle diameter and baking conditions of a primary particle of a start raw material, and the mean 
particle diameter of an aggregated particle is mainly determined on the mean particle diameter and 
trituration conditions of an aggregated particle of a start raw material. Moreover, in this invention, the 
first [ an average of ] particle size took a photograph of the shape of particle by SEM observation, 
measured the length of a total of 30 primary particles, and a lateral particle size, and asked for them as 
the average. A second [ an average of] particle-diameter mean particle diameter is a mode diameter 
measured and obtained with the micro truck grading-analysis plan using dispersion of a laser beam. 
[0025] The method of not performing strong-base nature matter removal operation is also mentioned. 
First, like the above, a start raw material can be prepared so that it may become a 0.9 to 1.00 times as 
many mole ratio as this from all transition-metals elements about the alkaline-earth-metal element which 
are a lithium and an alloying element, and it calcinates, and it can rank second, trituration and 
classification operation can be performed, and it can consider as a positive active material below. 
Moreover, you may add an alloying element further, without spoiling an electrode performance in the 
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positive active material of this invention. 

[0026] In this invention, although especially negative-electrode material is not limited, carbonaceous 
material, alloys (Li-aluminum etc.), metallic oxides (SnO etc.), metal nitrides (Li3 N etc.), etc. are used. 
Especially as a carbonaceous material material, it is not limited and what generally calcinated the 
organic substance is used. Adding an electric conduction agent to the purpose of current collection, 
when not enough also has the desirable electronic-conduction nature of carbonaceous material. 
[0027] Moreover, when carbonaceous material is a carbon fiber, especially as a carbon fiber used, it is 
not limited and what generally calcinated the organic substance is used. Although the pitch based carbon 
fiber specifically obtained from pitches, such as a PAN system carbon fiber obtained from a 
polyacrylonitrile (PAN), coal, or petroleum, the cellulose system carbon fiber obtained from a cellulose, 
the vapor-growth carbon fiber obtained from the gas of the low-molecular-weight organic substance are 
mentioned, the carbon fiber which calcinates polyvinyl alcohol, a lignin, a polyvinyl chloride, a 
polyamide, a polyimide, phenol resin, furfuryl alcohol, etc., and is obtained is sufficient. The carbon 
fiber which fulfills the property in these carbon fibers according to the property of the electrode and cell 
by which a carbon fiber is used is chosen suitably. When using it for the negative electrode of the 
rechargeable battery using the nonaqueous electrolyte containing an alkali-metal salt in the above- 
mentioned carbon fiber, a PAN system carbon fiber, a pitch based carbon fiber, and a vapor-growth 
carbon fiber are desirable. Especially, in that doping of alkali-metal ion, especially a lithium ion is good, 
a PAN system carbon fiber and a pitch based carbon fiber are desirable, and the pitch based carbon fiber 
which calcinates PAN system carbon fibers, such as the Toray Industries, Inc. "TOREKA" T series or 
"TOREKA" M series, and mezzo-soprano phase pitch coke, and is obtained also in this is used still more 
preferably. [ of make ] 

[0028] Although what gestalt may be taken in case a carbon fiber is used as an electrode, it arranges to 1 
shaft orientations, or becomes a gestalt with desirable making it the structure of the shape of the shape of 
a textile, or felt etc. As the structures, such as the shape of the shape of a textile, and felt, although 
textiles, knitting, a braid, a race, a network, the felt, paper, a nonwoven fabric, a mat, etc. are mentioned, 
points, such as a property of a carbon fiber and the electrode characteristic, to textiles, the felt, etc. are 
desirable. Moreover, you may use it by the binder etc., sticking a carbon fiber on charge collectors, such 
as copper foil, and the electric conduction agents in the end of a carbon powder etc. may be added 
further. When operability and productivity are taken into consideration, it is a staple-fiber-like carbon 
fiber still more preferably. Like the usual carbon powder, with an electric conduction agent and a binder, 
it can electrode-ize, can use, and also has the structure property still more peculiar to a carbon fiber. 30 
micrometers of average length It is easy to deal with the following, and since a raise in bulk density is 
possible, it is more desirable. 

[0029] Especially as the electrolytic solution of the rechargeable battery using the electrode of this 
invention, the conventional non-aqueous-solvent system electrolytic solution is used, without being 
limited. As the electrolytic solution of the rechargeable battery which consists of nonaqueous electrolyte 
which contains an above-mentioned alkali-metal salt in this, they are propylene carbonate, ethylene 
carbonate, and gamma. - A butyrolactone, N - A methyl pyrrolidone, an acetonitrile, N.N- 
dimethylformamide, a dimethyl sulfoxide, a tetrahydroftiran, 1, 3-dioxolane, methyl formate, a 
sulfolane, oxazolidone, a thionyl chloride, 1 , 2-dimethoxyethane, diethylene carbonate, these 
derivatives, mixture, etc. are used preferably. As an electrolyte contained in the electrolytic solution, the 
halogenide of alkali metal, especially a lithium, a perchlorate, a thiocyanogen salt, hoe fluoride salt, 
Lynn fluoride salt, arsenic fluoride salt, aluminum fluoride salt, a trifluoromethyl sulfate, etc. are used 
preferably. As a use of the rechargeable battery using the electrode of this invention, it can use for 
portable small electronic equipment, such as a video camera, a notebook computer, a word processor, a 
radio cassette recorder, and a cellular phone, widely by lightweight and high capacity using the feature 
of high-energy density. 
[0030] 

[Example] Although the concrete embodiment of this invention is described with an example below, this 
invention is not limited to this. 
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[0031] It is LiO.99SrO.02nickelO.90Co 0.1 0O2 by oxide conversion about the lithium hydroxide (Li 
(OH)) of the high grade reagent of example 1 marketing, nickel hydroxide (nickel2 (OH)), a strontium 
hydroxide and 8 monohydrate (Sr(OH)2 and 8H2 O), and cobalt hydroxide (Co2 (OH)). After carrying 
out weighing capacity so that it may become, and fully mixing with an automatic mortar, it is filled up in 
the crucible made from an alumina. Using the atmosphere firing furnace, among the pure oxygen air 
current (a part for flow rate/of 11.), it held for 16 hours and preliminary baking was carried out at 650 
degrees C. After cooling to a room temperature, the automatic mortar ground for 30 minutes again, and 
condensation of an aggregated particle was cracked. And after having held for 8 hours, carrying out 
actual baking at 750 degrees C under the same atmosphere as preliminary baking and cooling to a room 
temperature, the automatic mortar ground again and it considered as the positive-active-material powder 
of this invention. By changing the trituration time at this time, three kinds of powder, 5 micrometers of 
mean particle diameters of an aggregated particle, 22 micrometers, and 47 micrometers, was obtained. 
Using Shimadzu laser diffraction formula particle-size-distribution measuring device (wet) SALD- 
2000A, it distributed with water and the mean particle diameter of an aggregated particle was measured. 
The mode diameter of the obtained particle- size-distribution data was made into the mean particle 
diameter. In addition, SEM The diameter of a primary particle measured by observation was 0.1 
micrometers. Moreover, when it is a frame atomic absorption method about an alkali-metal element and 
the fixed quantity component analysis was carried out [ metallic elements / other ] about the obtained 
powder using ICP emission spectrochemical analysis, it is Lil.02SrO.0019nickelO.89Co 0.1 102. It 
checked that it was composition. Next, the production method of the cell for charge-and-discharge 
characterization is described, a positive electrode — N-methyl pyrrolidone (NMP) solution which 
prepared the polyvinylidene-fluoride active material whose mixture is a binder so that it might become 
10wt(s)% — the above-mentioned active material:electric conduction agent (acetylene black) — it mixed 
so that :binder might serve as the 89 weight sections:4 weight section:7 weight section, and with the 
automatic-among nitrogen air current mortar, it mixed for 30 minutes and produced After having applied 
this on aluminum foil with a thickness of 13 micrometers, applying and drying also after dryness and at 
the rear face at 90 degrees C in the oven and forming a positive electrode in both sides, it pressed and 
the positive electrode with the thickness of 180 micrometers, a width of face [ of the positive-electrode 
material application section / of 10mm ], and a length of 20mm was produced. 

[0032] Next, service capacity of the positive electrode which carried out in this way and was produced 
was evaluated. The electrolytic solution is lMLiBF4. It is the propylene carbonate and dimethyl 
carbonate (it is 1:1 at a volume ratio respectively) which are included, and 3 pole type cell which used 
the metal lithium foil estimated in the counter electrode and the reference pole, the current density per 
active material ~ the constant current of 130 mA/g — it is — 4.2V (vs.Li+/Li) up to « it charged and 
constant potential charge was performed by 4.2V, and charge was continued until the total charging time 
became in 5 hours after charge — current density 30 mA/g — 3.0V (vs.Li+ / Li) up to — it discharged and 
initial capacity was calculated furthermore, the charging time — the charge same as 3 hours — carrying 
out — the current density same after charge as charge — 3.0V (vs.Li+ / Li) up to — the 300th service 
capacity which repeated the charge-and-discharge cycle which carries out constant-current discharge, 
and carried out the charge-and-discharge cycle by current density 130 mA/g — said — the 1st service 
capacity was measured and the result which asked for the capacity retention expressed with the 
following formula was shown in Table 1 

[0033] Example of capacity retention (%) = {(300th service capacity )/(lst service capacity)} xlOO 
comparison 1 trituration time was changed, except having set the mean particle diameter of an 
aggregated particle to 3 micrometers and 61 micrometers, two kinds of positive-active-material powder 
was produced like the example 1 , and the result which asked for initial capacity and capacity retention 
was shown in Table 1 . 

[0034] Except having made the raw material salt of example of comparison 2 nickel into nickel 
carbonate (nickel2 (C03)), and having made burning temperature into 900 degrees C, like the example 
1,10 micrometers of mean particle diameters of a primary particle, 28 micrometers of mean particle 
diameters of an aggregated particle, and two kinds of 45 -micrometer positive-active-material powder 
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were produced, and the result which asked for initial capacity and capacity retention was shown in Table 
1. 

[0035] Except having used barium instead of example 2 strontium, like the example 1, three kinds of 
positive-active-material powder (0.2 micrometers of diameters of a primary particle, 6 micrometers of 
mean particle diameters of an aggregated particle, 24 micrometers, and 44 micrometers) was produced, 
and the result which asked for initial capacity and capacity retention was shown in Table 1. in addition, 
the composition searched for by quantitative analysis — Lil.01BaO.02nickelO.90Co 0.1 0O2 it was . 
[0036] Example of comparison 3 trituration time was changed, except having set the mean particle 
diameter of an aggregated particle to 4 micrometers and 65 micrometers, two kinds of positive-active- 
material powder was produced like the example 2, and the result which asked for initial capacity and 
capacity retention was shown in Table 1 . 

[0037] Except having made the raw material salt of example of comparison 4 nickel into nickel 
carbonate (nickel2 (C03)), and having made burning temperature into 900 degrees C, like the example 
1, two kinds of positive-active-material powder of 1 1 micrometers of mean particle diameters of a 
primary particle and 25 or 43 micrometers of mean particle diameters of an aggregated particle was 
produced, and the result which asked for initial capacity and capacity retention was shown in Table 1 . 
[0038] The lithium hydroxide (Li (OH)) of the high grade reagent of example 3 marketing, nickel 
hydroxide (nickel2 (OH)), A strontium hydroxide and 8 monohydrate (Sr(OH)2 and 8H2 O), It is 
Li0.99Sr0.01Ba0.01nickel0.90Co 0.10O2 by oxide conversion about a barium hydroxide and 8 
monohydrate (Ba(OH)2 and 8H2 O) and cobalt hydroxide (Co2 (OH)). It is made to be the same as that 
of an example 1 except having carried out weighing capacity so that it might become. Three kinds of 
positive-active-material powder (0.1 micrometers of mean particle diameters of a primary particle, 5 
micrometers of mean particle diameters of an aggregated particle, 24 micrometers, and 45 micrometers) 
was produced, and the result which asked for initial capacity and capacity retention was shown in Table 
1. in addition, the composition searched for by quantitative analysis - Lil.01SrO.01BaO.01nickelO.90Co 

0. 1 002 it was . Example of comparison 5 trituration time was changed, except having set the mean 
particle diameter of an aggregated particle to 4 micrometers and 67 micrometers, two kinds of positive- 
active-material powder was produced like the example 3, and the result which asked for initial capacity 
and capacity retention was shown in Table 1 . 

[0039] Except having made the raw material salt of example of comparison 6 nickel into nickel 
carbonate (nickel2 (C03)), and having made burning temperature into 900 degrees C, like the example 
3,11 micrometers of mean particle diameters of a primary particle, 27 micrometers of mean particle 
diameters of an aggregated particle, and two kinds of 44-micrometer positive-active-material powder 
were produced, and the result which asked for initial capacity and capacity retention was shown in Table 

1 . Furthermore, the rechargeable battery produced combining the positive active material and carbon 
fiber of this invention is also shown in an example 4. 

[0040] 
[Table 1] 
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The MIRUDO fiber which ground the PAN system carbon fiber ('TOREKA" T-300, Toray Industries, 
Inc. make) of example 4 marketing with the hammer mill and the roller mill so that it might become 1 5 
micrometers of average length, and was heat-treated at 1200 degrees C in the nitrogen air current for 4 
hours was made into the negative-electrode active material, a negative electrode — N-methyl pyrrolidone 
(NMP) solution which prepared the polyvinylidene- fluoride active material whose mixture is a binder so 
that it might become 10wt(s)% — the above-mentioned active material: electric conduction agent 
(acetylene black) — it mixed so that rbinder might serve as the 80 weight sections:5 weight section: 15 
weight section, and with the automatic-among nitrogen air current mortar, it mixed for 30 minutes and 
produced After having applied this on copper foil with a thickness of 1 0 micrometers, applying and 
drying also after dryness and at the rear face at 90 degrees C in the oven and forming a copper pole in 
both sides, it pressed and the negative electrode with a thickness of 180 micrometers was produced. 
After laying the positive electrode for cells (22 micrometers of mean particle diameters of the 
aggregated particle of a positive active material) produced by the method same with having produced in 
the example 1 through the separator of a porosity polyethylene film (25 S, Mitsubishi Chemical make) 
on top of this negative electrode and containing with a cell can, the electrolytic solution was poured in 
and obturated and the cylindrical rechargeable battery of 18650 sizes was produced. The propylene 
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carbonate and dimethyl carbonate (it is 1:1 at a volume ratio respectively) containing lMLiPF6 were 
used for the electrolytic solution. Thus, the produced rechargeable battery is used and it is constant- 
current/at current 1A and charge cut-off voltage 4.10V. After [ constant ] carrying out potential charge 
(the total charging-time 3 hours), it was made to discharge by the constant current of 1 A electric 
discharge cut-off voltage 2.5V. The result which asked for the initial capacity and the capacity retention 
at this time was shown in Table 2. 

[0041] The result which asked for production of a rechargeable battery and evaluation like the example 
4 was shown in Table 2 except having used the active material of 3 micrometers of mean particle 
diameters of the aggregated particle produced in the example 1 of comparison as example of comparison 
7 positive active material. 
[0042] 
[Table 2] 
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[0043] 

[Effect of the Invention] By this invention, the highly efficient rechargeable battery using the positive 
active material and it which were excellent in the charge-and-discharge cycle with high capacity can be 
offered. 



[Translation done.] 
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